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5. MECHANICAL TESTS 
The following section provides a description of each test performed and is classified 
according to their nature and purpose. 
 
5.1. DETERMINATION OF THE ELASTICITY MODULUS (MOED) BY THE 
FUNDAMENTAL RESONANCE FREQUENCY. 
This is a non-destructive test that allows finding the modulus of elasticity of the 
material from the resonant frequency characteristic of the material, obtained by 
applying a mechanical impulse or beating. This pulse is generated by causing small 
impact sound waves through the material. These waves are picked up by a 
microphone connected to a PC which is installed a program capable of processing 
the received signal and indicate the resonance frequency of the material. 
Note that the method used was developed by the laboratory personnel and 
materials has basically followed the UNE-EN ISO 12680 1 [8], refractory products 
but for standard RILEM specimens made of manufactured lime and cement.[1] 
 
PRE-TEST OPERATIONS 
Before beginning the test are measured with a caliper the lengths of the sides and 
two width measurements at the ends of face. Then labeled support points are 
located at a distance of 0.224L from each end of the prism. These points will be the 
set of nodes of vibration. The midpoint is marked on both faces parallel to each and 
avoiding the rough side. Likewise proceed with one square face of the specimen. To 
avoid incorrect transmission of the sound wave through the specimen it is supported 
on two supports of extruded polystyrene foam in the manner indicated in the Picture 
14. 
Once supported the specimen is prepared the rest of devices for issuing, receiving 
and processing the signal to display. Microphone connected to the PC is placed at a 
distance of 5-10 mm square face of the specimen. The FFT Analyzer program 
provided by the company Fakkop will process the signal to be displayed. 
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Picture 14. Devices for the fundamental resonance frequency of impact. 
 
METHODOLOGY 
Once prepared the entire device is proceeded to make the striker hit with a hammer. 
Is beaten six times in the upper longitudinal face, six times in the face parallel and six 
times in the opposite transverse face in which placed the microphone. In this way we 
obtain the fundamental resonance frequency of each one face. The program 
interprets the signal and displays a window that shows the frequency spectrum and 
the fundamental resonance frequency. 
 
 
Picture 15. Results of processing a signal by FFT software. The fundamental 
resonance frequency in this case is 4654Hz. 
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5.2. DYNAMIC MODULUS OF ELASTICITY THROUGH THE ULTRASONIC 
PROPAGATION 
Is another method to determine the MOE, in which ultrasonic waves are propagated 
through the material. This test method is used as contrast for reliable method for 
knocking resonance. 
 
PRE-TEST OPERATIONS 
Before the test, it is necessary to calibrate the ultrasonic equipment transmitter-
receiver. This kit contains a control test based on a plastic cylinder containing the 
inscription of the time it takes for the ultrasonic signal to pass through it. Gel is 
placed in the transmitter and the ultrasonic receiver for proper ultrasonic 
transmission. If the speed indicated on the screen is the same as that marked on 
the plastic cylinder, it can be said that the equipment is calibrated and ready to start 
the trial. 
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METHODOLOGY 
The process is identical in all other specimen. The passage time of the ultrasound in 
(µs) is entered six times for each specimen. With the data obtained the ultrasonic 
propagation velocity is calculated using the appropriate formulation and taking into 
account the density size and Poisson's ratio of the material. With these values is 
obtained the MOED of the longitudinal direction of the specimen. [2] 
 
 
 
Picture 16. MOE devices for the longitudinal through  
Ultrasonic propagation velocity. 
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5.3. SIMPLE FLEXURAL AND COMPRESSION TESTS 
 
The next test has been done taking into account the standard UNE-EN 1015-11 [3]. 
To perform the simple flexural tests and compression test it has been used the 
small press of the material lab from the EPSEB University. It’s a mechanism which 
contains a plunger situated in the bottom which is moved by a gear system with 
different gears. This is the mechanism to generate into the specimen the necessary 
pressure at the right speed according to the test requirements.  
On the top of the press is located the charge card which is connected to a computer 
with display through a data cable. This will allow us to know the breaking maximum 
resistance.  
 
Once the tests have been made the non-destructive mechanical tests Are used the 
same specimen for the destructive testing of flexural and compression. For this we 
have followed the standard UNE EN 1015-11 [3]. 
The necessary devices and equipment to do both tests are the follow: 
- WIKEHAM FARRANCE press (from the laboratory materials in the EPSEB) 
- Adapter flexural stress. 
- Adapter compression test. 
- Charge card of (2Tn) 
- Display device connected to the charge card. 
 
The first test is the flexural test. Is required a flexural adapter that allows to submit 
the specimens to the flexural stress. This device is formed by a fixed body where 
the specimen is located and a piston which transmits the load applied to the 
specimen from the specimen to the charge card 
 
The lower part consists of two separate support brackets 10 cm between them 
where the specimen is placed. At its rear side there are two metallic pivots which 
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help to keep the specimen in alignment during the application of the load. 
The top of the adapter consists of a piston maintained in contact with the cylinder 
bottom through a small rod which centers the load in the center of the exposed face 
of the specimen. It also absorbs small irregularities of the exposed specimen’s face. 
The upper end of the piston has a flat circular base which is in permanent contact 
with the charge card and allows transmitting the load applied to the specimen. 
 
Picture 17. Flexural test adapter and charge card of 2Tn capacity 
 
METHODOLOGY 
In each composition are used 9 specimens. 3 are tested at the age of 7 days, other 
3 to 28 and the last three at 90 days old. The halves obtained from each specimen 
are used to do the compression test. 
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Picture 18. Prismatic specimen (40x40x160) mm flexural tested. 
. 
The specimen is situated on the support rollers so that the upper roller is centered 
on the upper surface of the specimen. For better alignment of the load, the 
specimen is supported on a metal pivots located at the rear of the load adapter. The 
irregular face of the specimen that has not been in contact with the mold has to be 
free to avoid incorrect results. 
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Picture 19. Wykeham Farrance Press brand with different measure devices and  
the flexural adaptor. 
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5.4. COMPRESSION TEST 
To submit each one specimen halves to the compression stress is necessary a 
compression adapter. It comprises a fixed lower body where the specimen is placed 
and a piston. Unlike flexural compression device comprises two opposing 40x40mm 
square bases of each other. The press makes the compression force until the 
specimen brakes. 
 
 
Picture 20. Adapter of the compression test. 
 
METHODOLOGY 
La mitad de la muestra se coloca entre dos bases del adaptador a compresión y se 
alinea apoyándola por  la tercera cara contra dos pivotes situados en la parte 
posterior del adaptador. La cara rugosa que no ha estado en contacto con la 
superficie del molde ha de quedar siempre libre ya que es muy irregular y puede 
alterar la aplicación de la carga y con ello los resultados. 
Half of the sample is placed between two compression adapter bases and aligned 
by the third face supporting it on two pivots located at the rear of the adapter. The 
rough side which has not been in contact with the mold surface has to be free as 
long as it is very irregular and may alter the application of the load and thereby 
results. 
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Once the specimen is positioned correctly in the compression adapter the piston is 
moved manually with the controls on the press to establish contact with the 
specimen, but without doing pressure. The reader is reset to zero and a loading rate 
is chosen with the press controls. In the particular case of the mortar coatings, the 
standard UNE EN 1015-11 [8] classifies them with the CS III class. (Range 3.5-7.5 
N/mm2 compressive strength). For these specifies a load speed 200N/s or 20kg / s. 
 
Once calibrated the press with the specimen, it’s switched on for apply the load. 
The reader starts to save the load value in kilograms until the specimen collapses. 
Once the specimen is tested the press is disconnected to release pressure. The 
maximum load at break is writted down. To extract the specimen has been to raise 
the piston through the press control. 
 
 
Picture 21. Typical break of an specimen tested at compression 
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Picture 22. Press Wykeham Farrance brand with strenght reader. 
 
5.5. ADHERENCE TEST 
The adherence test involves applying a perpendicular traction force to the specimen 
surface to obtain the breaking strength of the support. Adherence test has been 
done according to the UNE EN 1015-12 [6] but with some differences: 
When the support has not specified the standard says to realize the adherence test 
its necessary to make a concrete support based in rectangular plates with a 
minimum area of 550x150mm and 50mm thick.  
In this case has been used a 500x500mm area terrazzo tile because basing in the 
experience from other tesis its back is made of concrete and have a similar rugosity 
No cutting has practiced describing the standard by rotary drilling the mortar  
deeper into the bracket. In the experience of the EPSEB laboratory's Materials 
shake this process causes 90% of the specimens to peel off the support. [5] 
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Another aspect worked in this study is the type and texture of the support. The 
medium chosen in this case is the reverse of terrazzo tiles. 
 
PRE-TEST OPERATIONS 
Before to start the test it’s necessary to make a cylindrical specimens with 40mm 
diameter and 18mm thickness, which is the average thickness recommended by the 
manufacturer.  
 
Once cured the specimens has to be removed from the mold. This has to be done 
to carefully without exerting traction forces that can disrupt test results. 
To operate the adhesion test results its necessary to know the diameter value of 
each specimen. To do that the diameter specimen is measured with an electronic 
caliper and each one of the specimens areas are calculated. 
 
After that, an epoxy bi-component resin is prepared to stick a disc to each 
specimen. These stainless steel discs will serve to connect the tester to exercise 
traction strength. 
 
At 24 hours after applying the resin begins the assay. It has been used an adhesion 
tester model KN-30 NEURTEK brand. Comprising a base shaped metal support 
disk, which is placed around the tube and is leveled at its base to support the 
adhesion tester. A metallic pin is threaded into the disc drive that allows the 
coupling of the Tester with specimen. 
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Picture 23. Circular specimens with bonded metallic plates 
 
 
Picture 24. (In ascending order) support plate tester, circular specimen of 
monolayer mortar, metallic plate bonded with resin and traction pivot to pull 
 
METHODOLOGY 
Once prepared the entire device, the test starts. It consists of turning at constant 
speed the traction control on a direction. When the specimen breaks, is stopped the 
test and recorded the result which is given in kilograms of force. 
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Picture 25. Tester to determine the adherence force mounted on a probe 
 
 
Picture 26. Dial indicating tester tensile strength after Testing 
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6. DETERMINATION OF THE RELATIVE DENSITY APPARENT DENSITY AND 
INDEX OF POROUS. (PHYSICAL TEST) 
 
PRE-TEST OPERATIONS 
The specimens used in this test are from the mortar plates used in the conductivity 
test. Due to the requirements of the test specimens are required different sizes. The 
resulting plates are made of cutting the others with a waterjet cutting saw. 
 
The specimens are dried in a desiccator at a temperature of 35 °C until reach the 
constant mass. According the UNE EN 1015-10, the specimens are dried until the 
change in mass between two consecutive weighings is lower than 0.1%. When the 
specimens reaches constant mass weighed on a scale to obtain the dry weight. The 
specimens were subjected to this temperature to avoid possible damage that 
incorporate PCM. 
Then the measurements of the specimens are taken with a caliper to determine the 
volume of each one. With dried weight determination (DW) and the volume of the 
samples, is calculated the apparent density (AD) 
 
 
Picture 27. Dryer at a constant temperature of 35 ° C 
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METHODOLOGY 
The specimen without and with addition of PCM to 10% and 20% yellow and white 
are tested. The dried specimens are introduced into a vacuum chamber which in 
turn is connected to a vacuum pump. The vacuum pump is on and is drawing air 
from inside the vacuum chamber. This pump is capable of generating a vacuum 
pressure of up 8mBar. Once the vacuum created the water filling system is 
activated which introduces water into the interior of the bell slowly. The specimens 
are flooded to cover approximately 15mm. From here are left inside the bell about 5 
hours. For depression, water slowly fills the porous network of the material until the 
saturation. 
 
 
Picture 28. Devices to determine the porosity by vacuum [2] 
 
- Saturated weight 
Once past the 5 hours the specimens are removed from the vacuum chamber 
passing a damp cloth to remove surface water and weighed on a scale. Thus 
saturated weight is obtained (SW) of each specimen. 
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- Hydrostatic weighing (HIDW): 
By Archimedes's theorem we know that a body immersed in a fluid experiences an 
upthrust equal to the weight of the fluid volume displaced. To determine the 
hydrostatic weighing (HIDW) using a hydrostatic balance. The saturated specimen is 
introduced into the scale and is obtained hydrostatic thrust of the water towards the 
specimen. The weight difference between saturated and push us results in the 
hydrostatic weighing. 
HIDW = SW – Thrust 
 
- Relative density (RD):  
The(RD) is determined by discounting the volume of water that occupies dl in the 
porous material. From the (RD) you can obtain the porosity of each specimen 
tested.  
The formula for calculating the RD is: 
RD = / (HIDW)-( SW - DW) 
- Porosidad del material: 
Es la relación entre el peso del agua que contiene la red de poros abierta de la 
probeta y el peso sumergido de la probeta, en porcentaje. 
Porosidad (%) = (PS-PD) / PS-(PS-PHID)x100 
 
- Porosity of the material: 
Is the ratio between the weight of water containing the open pore network of the 
specimen and the submerged weight of the specimen in percentage. 
 
Porosity (%) = (SW - DW) / SW – (SW- HIDW) 
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7. THERMAL TESTS AND FIRE REACTION 
The following tests were carried out in the laboratory of EPSEB fire and with the 
collaboration of the. The realized tests are the following: 
 
- Test for thermal conductivity. (Fire Lab. EPSEB). 
- Reaction to fire test. (Fire Lab. EPSEB). 
- Thermogravimetric tests. 
 
 
7.1. THERMAL CONDUCTIVITY 
It uses a direct measurement equipment Anter Corporation's brand and model 
quickline-30. There are two temperature sensors with different conductivity ranges, 
which emit heat pulses to the material and then collect the received signal. It’s 
necessary to use the proper sensor material to the correctly data obtained. The 
device processes the data and allows finding the thermal conductivity, thermal 
diffusivity and specific heat. The last one value can be obtained by knowing the 
value of the material density because the analyzer calculates the product of the 
density and the specific heat. 
 
 
Imagen29. Equipment for testing thermal properties 
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Picture 30. Dial indicating the rehearsal process. 
 
In case of obtaining error as a result has to use a different sensor. In this particular 
case the sensor has been used above 0.30W/mK range. 
 
 
Picture 31. Heat pulse emitter for testing in a range between 0.04 to 0.30 W / (mK) 
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7.2. THERMO-GRAVIMETRIC TEST 
Thermo-gravimetric test (Tg) allows to know the composition of the mortar by 
decomposing components by the progressive increase of the temperature. This 
decomposition leads to the loss mass of the material when it’s exposed in a range 
of temperatures between 30 and 1000 ºC. 
 
Picture 32. Thermo-gravimetric device 
 
PRE-TEST OPERATIONS 
Before starting the assay is indispensable to set in the computer the parameters 
such as the maximum duration of data collection interval or temperature ranges. 
If TG has been made before, it requires cooling of the furnace to avoid failures 
during testing. This process can take a few hours. 
 
METHODOLOGY 
The purpose of the thermo-gravimetric test is to know the mortar composition and 
behavior of its components and the addition of PCM with increasing heat. 
The samples are small extracted fragments of other specimens witch has been 
tested. The tested compositions for this test are made of white mortar without and 
with addition of 10% and 20% of paraffin. 
To start the TG sample the mortar sample is introduced inside a small ceramic 
container and those at the same time inside the furnace. Without touching the 
furnace walls. The small container rests on a support which transmits the weight to 
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a scale located under the furnace. For testing the interior temperature there is a 
thermocouple inside the furnace. 
As heat increases the components are disintegrating with having a loss of mass. 
The scale and a computer connected to the thermocouple allow obtaining the 
temperature and weight of the sample at each time interval. Once the programmed 
length of time the data are stored in the computer program of the TG test. 
To understand the result set is constructed a graph that shows the decomposition 
temperature of each component. 
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7.3. FIRE REACTION 
The next test was done in the Laboratory of Fire from the EPSEB. The objective of 
this test is to determine the time of ignition and extinction of the different monolayer 
mortar compositions with addition of PCM.  
 
The equipment used is a combustion chamber which incorporates a quartz resistor 
as heat source. The equipment is provided with a potentiometer for regulating the 
temperature in focus an adjustable support for positioning the specimen at the 
desired distance of the focus and fume extraction system outside the laboratory. 
The specimens used are 70x70mm square boards with a thickness of 18mm. The 
thickness chosen is the one recommended by the manufacturer. 
 
 
 
Picture 33. Combustion chamber for fire reaction test 
. 
PRE-TEST OPERATIONS 
Antes de iniciar el ensayo de reacción al fuego, es necesario encender el 
potenciómetro para calentar la resistencia del foco. Este proceso se hace 
aumentando la potencia de forma escalonada durante 20 minutos. De esta forma 
se evitan variaciones de calor bruscas que puedan dañar la resistencia del foco. 
Before starting the reaction test, is needed to turn the potenciometer to heat the 
resistance of the heat source. This process is done by increasing power gradually 
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over 20 minutes. This will prevent sudden variations of heat resistance that may 
damage the source. 
It is also necessary to adjust the supporting base of the cylinder at an appropriate 
distance from the heat source. This requires take into account the thickness of the 
test specimen because is fixed as the distance of the face exposed to the heat 
source. According the standard UNE 23721:1990 [9], this distance should be 5cm. 
Once the supporting base is regulated is placed a tiny metal mesh to support the 
specimen above it. The specimen is placed on a thermocouple which is connected 
to a Tester to know the temperature of the exposed surface during the test. 
 
Picture 34. Internal combustion chamber with heat source with resistance made of 
quartz (left), with adjustable support base cylinder (right), the extractor gas (top) 
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METHODOLOGY 
To do this test has been used monolayer mortar specimens without PCM white and 
yellow, 10% and 20% of PCM. These specimens are square base of 70x70mm and 
18mm thick. 
Initially is calculated the ignition time of the specimen. The duration of this range is 
between the application of the heat source on the specimen surface until starts the 
flame.  
Taking time has been done with a stopwatch. Is noted the ignition time and 
extinction time. The ignition and extinction times can be defined as: 
- Tiempo de ignición (Ti): tiempo que trascurre desde la aplicación de la fuente 
de calor sobre la cara expuesta de la probeta, hasta que esta propaga una 
llama. 
- Ignition time (iT): range time from the application of the heat source on the 
exposed face of the specimen until the flame is observable. 
- Extinction time (eT) between appearing flame until is extinguished by itself. 
Este ciclo se repite durante 5 minutos. Para obtener la duración media de la llama, 
se calculan cada uno de los intervalos de duración de la llama: 
This cycle was repeated for 5 minutes. For the half duration of the flame is used the 
next expression: 
∆t = eT - iT 
Una vez se obtienen todos los intervalos de duración de la llama, se calcula la 
media de ellos. Como resultado se obtiene la duración media de la llama en 
minutos. 
Once is known the duration ranges is calculated the average of them. The result is 
the average duration in minutes of the flame. 
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8. SCANNING ELECTRON MICROSCOPE (SEM) 
El microscopio electrónico de barrido utiliza un haz de electrones en lugar de un 
haz de luz para formar una imagen. Esencialmente consiste en hacer incidir en la 
muestra el haz de electrones. Este bombardeo de electrones provoca la aparición 
de diferentes señales que, captadas con detectores adecuados, nos proporcionan 
información acerca de la naturaleza de la muestra. El único requisito es hacer que 
las muestras sean conductoras. Usando esta tecnología se pueden observar 
muestras con una elevada magnificación y definición. El único inconveniente es 
que la imagen reproducida es en blanco y negro ya que el microscopio no trabaja 
con luz visible. 
 
The scanning electron microscope uses an electron beam instead of a light beam to 
form an image. It consists essentially in direct the electron beam to the specimen. 
The electron bombardment lead to the appearance of different signals captured with 
suitable detectors that give us information about the nature of the sample. The only 
requirement is to ensure that samples are conductive. Using this technology 
samples can be observed with a high magnification and definition. The only 
downside is that the image is reproduced in black and white as the microscope 
does not work with visible light. 
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Picture 35. Scanning Electron Microscope (SEM) [1] 
 
To control the different parameters of sample selection, visualization, resolution and 
image capture, the electron microscope is equipped with controls that allow these 
actions 
 
Picture 36. Controls and monitoring Scanning Electron Microscope (SEM)  [1] 
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PRE-TEST OPERATIONS 
To observe the monolayer mortar composition and behavior of PCM incorporated 
as an addition, we have used the facilities of the Technical Services of the 
University of Barcelona to see three yellow monolayer mortar samples without 
PCM, 10% and 20% of PCM. 
Antes de poder visualizar las muestras es necesario hacerlas conductoras. En este 
caso se han recubierto con una fina capa de oro. El sistema por el cual se recubre 
las muestras con oro es mediante la deposición catódica o recubrimiento por 
“Sputtering”. Consiste en generar un plasma de iones Ar+ a partir de la aplicación 
de una diferencia de potencial entre la muestra, que hace de ánodo y un cátodo. 
Dichos iones se aceleran y chocan con el cátodo o polo negativo arrancando 
átomos de éste de manera que caen a la muestra por gravedad recubriéndola. La 
capa de oro no interfiere en la correcta visualización de la muestra. 
Before view the samples its necessary make them conductive. In this case the 
mortar samples have been coated with a thin gold layer. The technique in which the 
samples are coated with gold is by sputtering or "Sputtering". It consists in 
generating a plasma of Au +ions from the application of a potential difference 
between the sample which makes anode and a cathode. These ions are 
accelerated and collide with the cathode or negative pole pulling out of it and 
therefore fall by gravity to the sample covering it. The gold layer does not interfere 
with the proper display of the sample 
Once coated with gold, the samples are hooked by carbon ribbon with double sided 
adhesive that Lets stick to the specimen samples. The microscope allows choose 
the desired sample automatically. 
METHODOLOGY 
During the test images were taken at different magnifications to observe monolayer 
mortar components and how it behaves the PCM his structure. 
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Image.37. Picture taken with the scanning electron microscope (SEM) 
 
Using the analyzer elements were detected different chemical elements contained 
in the mortar and the compositions studied. The graph obtained from the elemental 
analysis allows analyze the chemical elements in larger quantity on a selected point 
of the image. It also have been checked the addition of PCM with this method. 
 
 
Picture 38. Example of an elemental analysis 
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